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To all to whom these presents shall come: 

Whereas a petition has been presented to the 
Commissioner of Patents praying for the grant of a 
oatent for a new and useful invention, the title and 
description of which are contained in the specification 
of which a copy is hereunto attached and made an 
essential part hereof, and the requirements of the 
Patent Act having been complied with. 

Now therefore the present patent grants to the 
applicant whose title thereto appears from the 
r cords of the Patent Office and as indicated in the 
said copy of the specification attached hereto, and to 
the legal representatives of said applicant for a 
period of seventeen years from the date of these 
presents the exclusive right, privilege and liberty of 
making, constructing, using and vending to the 
others m Canada the invention, subject to adjudica- 
tion in respect thereof before any court of competent 
jurisdiction. 

Provided thai tho grant horoby mode is aubjoct to 
the conditions contained m the Act aforesaid. 

All patents are subject to annual maintenance fees 
subsequent to the modified Patent Act. 



In testimony whereof, these letters patent bear the 
signature of the Commissioner and the seal of the 
Patent Office hereunto affixed at Hull. Canada. 

This Patent was issued on: 



A tous ceux qui le» prteentes verront: 

Consid6rant qu'une requdte a 6t6 prdsentde au 
Commissaire des bnjvets, demandant la dSlivrance 
d'un brevet pour une invention nouvelle et utile, dont 
le titre et la description apparaissent dans le mdmbire 
discnptif dont copie est annexde aux prSsentes et en 
fait partie essentielle. et que ladite requdte satisfait 
aux exigences de la Loi sur les brevets. 

A ces causes, le present brevet contere au 
demandeur dont le titru de propria audit brevet est 
6tabli d'aprfts les dossiers du Bureau des brevets'et 
est tndiqud dans tadlte copie du mdmoire descriptlf 
ci-annexd. et aux reprdsentants ttgaux du dit 
demandeur. pour une pdriode de dix-sept ans. ft 
compter de la date des prdsentes, le droit, la 
faculty et le privilege exclusif de fabrtquer. conitruire, 
exploiter et vendre * d'autres au Canada I'invention, 
sauf jugement en I'espdce par un tribunal de 
juridiction compfttento. 

La concession faitt par les prdoontoo dtant soumiso 
aux conditions contenues dans la lot prdatde. 

Des frais annuals de maintien seront applicables pour 
tout brevet octroy* aubsdquement ft la Loi modifiant 
la Loi sur tea brevets. 

En loi de quoi ces lettres patentes portent la signature 
du Commissaire ainsi que le sceau du Bureau des 
brevets apposd ft Hull. Canada. 

Ce Brevet ft 6i6 delivr* le; 
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PREPARATION OF ANHYDRIDE COPOLYMERS 

Abstract of the Invention 

A method for preparation of very pure anhydride 
copolymers with high yield. The anhydride copolymers, consisting 
of aromatic and aliphatic dlacids are formed by melt condensation 
of individually prepared, pure, isolated prepolymers . The method 
of preparation is characterized by high yield, reproducibility, 
polymer purity and controlled composition, and is a short and 
convenient procedure. The polyanhydrides produced by the 
disclosed method are particularly well suited to biomedical 
applications requiring low levels of toxic or inflammatory 
contaminants and physical and mechanical properties which closely 
conform to manufacturing specifications. 
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Background of the Invention 

The present invention is in the area of organic 
synthesis and, in particular, methods of synthesizing high purity 
anhydride copolymers. 

The United States Government has rights in this 
invention by virtue of National Institute of Health Grant No. 
98000. 

Aromatic polyanhydrides were first synthesized in 1909 
by Bucher and Slade, as reported in Am. Chem . Soc. 31, 1319 
(1909). Aliphatic polyanhydrides were first prepared in 1932 by 

! Hill and Carothers, as described in Am. Chem. Soc. 54, 1569 

i 

! (1932) and 55, 5023 (1933). A number of aromatic and 
■j heterocyclic polyanhydrides, intended as substitutes for 

polyesters in t'extile applications, were further investigated 
over the next thirty years. 

Only a few papers have been published on the 
preparation of anhydride copolymers. In these studies anhydride 
copolymers were produced by mixing a calculated amount of two 
diacids, e.g., aromatic and aliphatic diacids, and treating with 
acetic anhydride to yield the mixed prepolymer. The mixed 
prepolymer was then polymerized by heating under vacuum. The 
reaction is shown in equation 1. The mixed prepolymer was not 
isolated nor purified prior to polymerization. 
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mixture 



polymerization 
prepolymer mixture > 

heat, vacuum 



p oo 0 O 0 

CHs-CC-CoJcU^'c'^^oJcUjc 1 -)^ 0 -cUh 3 



n = degree of polymerization 

undefined composition of prepolymer 



(1) 



Using this method of preparation, N. Yoda et al. 
prepared anhydride copolymers composed of terephthalic acid, 
| sebacic acid, adipic acid and five membered heterocyclic diacids, 
as described in Makromol. Chem. 56, 32 (1962), and Bull. Chem. 
Soc^ Ja£an 32, Another anhydride copolymer composed of methylene 
bis(p-carboxyphenyl) amide and adipic acid was reported by N . Yoda 
in Chem. High Polym ers Japan 19, 613 (1962), Unpurified mixed 
prepolymers were used in all these studies. 

In a recent study by Leong et al., reported in 
Biomed. Mat. Res., 19, 941 (1985), anhydride copolymers composed 



of bis^-carboxyphenoxy)propane and sebacic acid were prepared. 
The copolymers were prepared from the mixed prepolymers obtained 
when the calculated amount of CPP and sebacic acid were treated 
with acetic anhydride. The mixed prepolymer was isolated after 
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several weeks of crystallization at -20°C. The composition 
of the final polymer was not controlled. Polymerization 
of the mixed prepolymers yielded polymers with molecular 
weights of 12#030. Unsuccessful attempts were made to 
obtain the copolymers by polycondensing the mixture of 
individually prepared prepolymers/ especially sebacic acid 
prepolymers . 

It is therefore an object of the present invention 
to provide a method for preparation of highly pure anhydride 
copolymers having a controlled composition/ especially 
for use in biomedical applications. 

It is a further object of the present invention 
to provide a method for preparation of highly pure anhydride 
copolymers with controlled composition which is reproducible, 
has a high yield and is quick. 

It is still a further object of the present invention 
to provide a method for preparation of highly pure anhydride 
copolymers wherein prepolymers of the diacids are produced 
which can be combined to yield a wide variety of copolymers 
having an actual composition which is close to the calculated 
compos i ton. 

It is another object of the invention to provide 
a method for preparation of highly pure anhydride copolymers 
for use in preparing high molecular weight polyanhydrides . 
SUMMARY OF THE INVENTION 

According to a first aspect of the invention 
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there is provided a method for preparing highly pure anhydride 
copolymers comprising: selecting at least two diacids, 
wherein said diacids are synthesized and purified individually, 
reacting the individual diacids and acetic anhydride separately 
to form prepolyraers/ separately recrystallizing the individual 
prepolymers formed by the reaction of the acetic anhydride 
with said diacids , combining said individual prepolymers 
at a specific ratio, and polymerizing said prepolyraer mixture 
to form copolymers. 

According to a second aspect of the invention 
there is provided a highly pure anhydride copolymer comprising 
monomers selected from the group consisting of aliphatic 
and aromatic diacids, wherein the copolymers are polymerized 
from a mixture of a specific ratio of prepolymers of the 
individual monomers separately reacted with acetic anhydride. 

The invention is a method of synthesis of highly 

pure 
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anhydride copolymers of known composition wherein the key element 
is the use of individually prepared, pure prepolymers. 
Calculated amounts of the individual prepolymers, e.g. aromatic 
and alphatic prepolymers, are mixed together and polymerized to 
form copolymers. High molecular weight polyanhydr ides are 
produced by polymerization of the prepolymers at a temperature 
between 150°C and 220°C for 10 to 240 minutes, preferably 180°C 
for 90 minutes, under high vacuum. 

Examples of anhydride copolymers composed of the 
following diacids: sebacic acid, bis ( p-carboxyphenoxy ) propane , 
adipic acid, bis ( p-carboxyphenoxy )hexane, isophthalic acid, 1,4 
phenylene dipropionic acid and dodecanedioic acid, are 
polymerized from pure isolated prepolymers by a melt 
polycondensation process. 

Polyanhydr ides prepared from the very pure, isolated 
prepolymers are especially useful for biomedical applications 
because of the agreement between calculated and actual 
composition, reproducible molecular weights and degradation 
kinetics, lack of inflammatory or toxic contaminants, and 
mechanical properties such as film formation. Higher molecular 
weights can be generated by the addition of coordination 
catalysts to the copolymer mixture. 

Brief Description of the Drawings 

Fig. 1 is the synthesis of a pure anhydride copolymer 
according to the present invention. 
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Fig. 2 is the synthesis of a anhydride copolymer 
according to the prior art. 

i 

i 

i Detailed Description of the Invention j 

j Anhydride copolymers are synthesized by melt 

condensation from a mixture of individually synthesized and j 

purified mixed anhydride prepolymers prepared by heating diacids ! 

| and acetic anhydride as shown in Fig, 1. The prior art method of ; 
I j 
| synthesis is shown in Fig. 2 wherein the diacids are first mixed 

j together, then refluxed with acetic anhydride to form the 

j prepolymers. 

j The method according to the present invention is used ; 

', in the following non-limiting examples to synthesize anhydride 
prepolymers which can then be combined and polymerized to form 
anhydride copolymers with controlled composition. Individually j 
prepared, pure, isolated prepolymers are made and purified within j 

two work days with 50 to 80% yield. Calculated amounts of the ( 

i 

prepolymers, such as CPP prepolymers and sebacic acid 
prepolymers, are then mixed together and polymerized, for 
example, at 180*C for 90 minutes under high vacuum. 

The prepolymer data analysis is summarized in Table 1. 
The data for the copolymers prepared from these prepolymers is 
summarized in Table 2. High molecular weight anhydride 
copolymers with high reproducibility in polymer composition and 
molecular weight are obtained. 



1 

i 
i 
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Table 1: Characterization of Pre polymers 

GPC Analysis a NMR Analysis b c 
Prepolymer of: Hp Mw Mn Dp 32 15 

Sebacic acid 67-69 1620 825 3.9 5 <2.22:1.32)<* 1810,1740 

Dodecanedioic 76-77 2410 1250 4.7 9 (2.22:1.27)d 1810,1740 
acid 

Adipic acid 62-63 1765 694 4.0 6 (2.23:1.74)0* 1810,1740 
1,4 Phenylene 

diprop ionic • 

acid 74-75 1985 915 4.0 5 (2.18:7.11)d 1800,1735 

Bis(p-Carboxy- 

phenoxy) , 

propane 104-106 495 484 1.3 1.4 ( 2. 30:7. 1-8. 1)0 1800,1730 

Bis(p-Carboxy- 

hexa^e y) 92-94 573 490 1.1 1.3 ( 2.30:7.1-8.1)d 1800,1735 

Isophthalic ^ 4 ^ 6 ^ g ( 2 .43:7.4-8.6)d 1800,1735 

a Dp based on the Mn of the GPC analysis. 

b Determined from *H-NMR analysis. 

c Characteristic for anhydride bonds, 

d Chemical shift in PPM of the methyl terminal and the 
representative peak of the repeating unit. 
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Table 2: Characteri za tion of Anyhdride Copolymers 





% Aliphatic Units 






(calculated ) 


( found ) 




CPP : S A 


80 


80+2 


1 1 c nnn-». q nnn 




70 


70+2 






50 


50+2 




l sopn : aft 


80 


81 + 2 


ii^ nnn+ * a no 




50 


49+1 


30 ,000+2,900 


CPP: DD 


80 


79 + 2 


122,000+6,100 




50 


50+2 


31,000+3,200 


CPH:SA 


80 


79 + 2 


76,400+6,800 


CPH:DD 


80 


80+2 


84,900+5,600 




50 


51 + 1 


36,550+3,420 


CPP:adipic acid 


80 


8 2+2 


56,800+3,800 



Copolymers prepared from individually prepared prepolymers in 
Table 1 were polymerized at 180°C for 90 min. Results are an 
average of five separate polyraerizat ions • 

The following materials and methods were used in the 

examples: 

Chemicals : Sebacic acid, dodecanedioic acid and adipic 
acid (99%, Aldrich Chemical Co., Milwaukee, Wisconsin) were 
recrystallized three times from ethanol and 1,4 phenylene 
dipropionic acid (98%, Aldrich Chemical Co.) was recrystallized 
from acetone before use. Bis ( p-carboxyphenoxy )alkanes were 
synthesized according to the method described by A, Conix in 
Macromol . Synth. 2, 95 (1966) and cleaned by extraction with 



; : . - e - I 

jl 

jj acetone and ether before use. Isophthalic acid (99%, Aldrich 

J: Chemical Co.) was recry stallized from ethanol. All solvents were 

li 

J analytical grade. 

Instrumentation : Infared spectroscopy was performed on 
a Perkin-Elmer Spectrophotometer Model 1430. Polymeric samples 
were film cast onto NaCl plates from solutions of the polymer in 
|: chloroform. Prepolymer samples were either pressed into KBr 
| pellets or dispersed in nujol onto NaCl plates. 

! 

; Thermal analysis of polymers was performed on a Perkin 

Ji 

|| Elmer DSC-2 differential Scanning Calorimeter employing a heating 
l| 

I' rate of 20°C/min. The melting point of prepolymers was 

!' determined on a Fisher Johns melting point apparatus. The 

!: molecular weights of the polymers and prepolymers were estimated : 

i| ! 

jj on a Perkin Elmer GPC system consisting of a series 10 pump, a | 
|i . • i 
jl 3600 Data Station with an LKB 214 - rapid spectral detector at 

li ! 

! 254 nm wavelength. Samples were eluted in chloroform through two 
PI Gel columns (Polymer Laboratories; 100 Angstroms and 1000 
Angstroms pore sizes) in series at a flow rate of 1.5 ml/min. 
Polystyrene (Polyscience ) was used as the calibration standard. 
Viscosity of polymers was measured in an Ubbelohde Viscometer 
(cannon 75) at 23°C using 1, 0.5 and 0.25% w/v polymer in 
chloroform solution. 1 H-NMR spectra were run on a Bruker AM-250 
spectrometer in CHCI3, 

Determination of Prepolymer and Polymer Composition : 
The composition of anhydride copolymers is determined 

t 
t 

■i 
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by ' H-NMR from the ratio of the peaks integration of the 
copolymer units, for example, the composition of CPP:SA 
copolymers is determined by 1 H-NMR from the ratio of the peaks 
integration at 1.3 PPM (8H P Sebacic acid) and 6.9-8.2 PPM (8H, 
CPP). 

General Method for Polymer Synthesis : Polyanhydr ides 
are synthesized by melt polycondensation of mixed anhydrides of 
diacids and acetic anhydride. Aliphatic mixed anhydride 
prepolymers are prepared by refluxing the dicarboxylic acid 
monomers (40 g) in acetic anhydride (200 ml) for 20 to 90 
minutes. The excess acetic anhydride is removed to dryness under 
vacuum at 60°C. The crude prepolymer is recrystallized from dry 

jj toluene. The crystals are then immersed in a 1:1 mixture of dry 

* 1 

! 

j petroleum ether and ethyl ether overnight to extract traces of 
I acetic anhydride and toluene. The pure crystals are dried under 
vacuum over calcium chloride (75-88% yield). Aromatic monomers 
are refluxed for 15 to 30 minutes, then the unreacted diacid (5 
to 10%) removed by filtration. The solution is concentrated to 
150 ml and allowed to crystallize overnight at 0°C. The crystals 
are then immersed in dry ether (200 ml) overnight with stirring 
to extract traces of acetic anhydride. 

The purified prepolymer is washed with dry ether and 
dried under vacuum over calcium chloride (42-50% yield). The 
prepolymers are characterized by GPC, 1 H-NMR and IR analysis. 
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The amounts of prepolymers (as calculated below) then 
undergo melt polycondensat ion as follows: In a typical reaction, 
CPP prepolymer is mixed with sebacic acid prepolymer in a glass 
tube (2 x 20 cm) with a side arm equipped with a capillary 
nitrogen inlet. The tube is immersed in an oil bath at 180°C. 
After the prepolymers are melted, approximately 1 minute, high 
vacuum (10-4 mm Hg) is applied through the side arm. The 
condensation product, acetic anhydride, is collected in an 
acetone/dry ice trap. During the polymerization, a strong 
nitrogen sweep with vigorous agitation of the melt is performed 
for 30 seconds every 15 minutes. The crude polymer is purified 
by precipitation in dry petroleum ether from a dichlorome thane 
solution. The precipitate is then extracted with anhydrous ether 
for several hours at room temperature. 

Calculations 

The calculated amounts of prepolymers to be mixed for 
the synthesis of an x:y copolymer, where x:y is the molar ratio 
of copolymer units, is as follows: 

X ( ) + y ( ) 

DPI Dp 2 
grams of prepolymer 1 grams of prepolymer 2 

wherein x and y are the molar ratios of prepolymers 1 
and 2 in the copolymer, 

Mn is the number average molecular weight of the 
prepolymer as determined by GPC, and 
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Dp is the number of units in th prepolymer as 
calculated from: 

Mn-102 

Dp » 

Ru 

where 102 is the molecular weight of prepolymer end groups: 
O O 

II II 

H3C-O and 0-C-CH3 

and Ru is the molecular weight of the repeating unit in the 
prepolymer. 



For example; 



S 

O O 1 



for sebacic acid, the repeating unit is: -C-( CH2) 3-C-0- Ru=184 
and 

O O 
for CPP, the repeating unit iss -U-(^)-0-(CH2 ) 3 -0-{^)-C-0 and 
Ru=308 



Example of the preparation of 1,3 bis{ p-carboxyphenoxy ) 
propane tsebacic acid polymers (CPP:SA) __ 

1. Preparation of pure, isolated CPP prepolymers. 

A solution of 138 g (1.0 mole) of p-hydroxy benzoic 
acid and 80 g (2.0 moles) of sodium hydroxide in 400 ml of water 
is placed in a one liter three-necked flask equipped with a 
mechanical stirrer, a condenser, and a dropping funnel. 102 g 
(0.5 mole) of 1 , 3-dibromopropane is added through the funnel over 



1; 



j 



1278141 

- 12 - 

! 

i 

.a period of one hour, while the contents of the flask are stirred! 

and kept at reflux temperature. The reaction mixture is refluxed! 

i 

for 3.5 hours after the addition of the 1 , 3-dibromopropane . 20 g 
(0.5 mole) of solid hydroxide is then added to the mixture, and 
the mixture refluxed for an additional two hours. Heating is 
then discontinued and the reaction mixture left standing 
overnight. The fine, powdery, white precipitate of the disodium 
salt is isolated by filtration and washed with 200 ml of 
methanol. The still wet precipitate is dissolved in one liter of 
distilled water with gentle heating. 

The solution is extracted with 200 ml of ether to 
remove traces of dibromide, acidified with 6N sulfuric acid to a 
pH less than 2, the diacid isolated by filtration, and the diacid 
dried for 3 days in a lyophilizer. The yield is 120 g (76%). 

40 g of CPP powder is then added to 500 ml boiling 
acetic anhydride (135°C) under dry N 2 . Reflux is stopped at 25 
min and the solution filtered through a filter paper into another 
one liter round bottom flask. About 10% of the unreacted CPP is 
separated. The solution is concentrated to 150 ml by evaporation 
(evaporator with CaCl 2 trap). The solution is left at 0°C to 
crystallize overnight. The crystals are separated by filtration 
and transferred to 200 ml of anhydrous diethyl ether in an 
Erlenmayer flask and allowed to swirl for several hours at room 
temperature. The white crystals are separated by filtration and 
dried in a CaCl 2 desiccator under vacuum. The CPP prepolymer is 
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"recovered with a yield of 50-60% and has a melting point of j 

} 

104°-106°C and IR-1810, 1740cm-l, j 

I 2. Preparation of pure, isolated SA prepolymers. J 

30 g of sebacic acid are added to a 120 ml refluxiny ! 

i 
t 

solution of acetic anhydride under N2- Reflux is continued for ; 
90 min. Sebacic acid is completely dissolved within 5 min. of 
reaction. Excess acetic anhydride is evaporated by an evaporator j 
at 60°C. The oily material is left at room temperature to 
solidify. The solid is dissolved in 15 ml toluene with warming 
and the solution allowed to crystallize overnight at 0°C. The 
crystals are separated by filtration and transferred to 200 ml 
diethyl ether and petroleum ether 1:1 mixture, with stirring for 

* 5 hours. The white crystals are separated by filtration and j 

! . | 

• dried in a CaCl2 desiccator under vacuum. The sebacic acid has a 
melting point of 64-65°C and IR-1810, 1740 cur*. 

3. Polymerization of a CPP prepolymer : SA (20:80) 
prepolymer mixture. 

CPP prepolymer (0.80 g, 2.0 mmole) is mixed with 

sebacic acid prepolymer (1.64 g, 8.0 mmole) in a glass tube 

(2 x 20 cm) (Kimax) with a side arm equipped with a capillary 

nitrogen inlet. The tube is immersed in an oil bath at 180+1°C. 

After the prepolymers are melted, approximately 1 min, high 

vacuum (less than 10-2 m m Hg) is applied through the side arm. 

The condensation product, acetic anhydride, is collected in an 

acetone/dry ice trap. During the polymerization, a strong 
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jj nitrogen sweep with vlgouous Agitation of the melt is performed 

|j for 30 second* every 15 minutes. After 90 minutes, the polymer 

: Is removed under nitrogen to a dry glass vial. The crude polymer j 
t i 
; le g found to small particles using a roicromill at low temp. ! 

j 

: < H 20/ice cooling). The yield in this example ia greater then 
j 90*. 

i 

i 4, Purification of the CPPiSA (20:80) polymer. 

The crude polymer ie purified by precipitation in dry 
petroleum ether from dichloromethsne solution as follows* 20 g 

J ot crude polymer is dissolved in 100 ml dichloromethane 
(analytical grade) *t room temp, with magnetic atirring for about 
20 min. The solution is pressure filtered through a 2 micron 

. filter snd dripped into 600 ml of dry petroleum ether Analytical 
grade* stirred with mechanical stirrer. A white fiber-like ! 
precipitate is obtained. After filtration, Che precipitate is 
extracted With anhydrous ether (200 ml) for several hours at room 
temp* The ether is decanted out and the ether residue is removed 
by anhydrous evaporator under High vacuum (oil pump). The CPP:$A 
polymer has « melting point of 68-70 fl C, moleoular voightc M w . 
118*000, Kn » 22,400 (by GPC analysis), composition of CPPiSA 
(21i79) (by 'H-NMR) , and intrinsic viscosity of [nj » 0.92 dl/g 
i (chloroform, 23 # C). 

S. Polymerisation of a CPPiBA (50i30) copolymer. 
CP? prepolymer (2.0 g, 5 mmole) Is mixed! with sebacic 
acid prepolymer (1.15 g r 5 mmole) and polymerised at 180°C under 
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high vacuum do mm Hg) for 90 min using the same mat hod as above* j 

The CfrPiSA (SOiSO) polymer has a meltino point of 152°C> ; 

molecular veightt *v * 38,200, H n - 17,900 {by GPC analysis), : 

intrinsic viacoeity of tnl»dl/g (chloroform 23°C)* And ] 
composition of CPFtSA (50:30) (by • H-HMR) . 

Example* of the preparation of 1*3 bi»(p-carboxyphenoxy> 
propane t dodecanediolc acid polymers fC??»DP) 

1. Preparation of pure, isolated CPP prepolymer is aa 

previously described. 

2* Preparation of dodecanediolc acid prepolymer. 

50 g of dodecanediolc acid are added to 350 ml boiling 
acetic anhydride under dry argon. Reflux is continued for 60 
mlnuteat Bxcaas acetic anhydride is removed by an evaporator at i 
60°c to yield a white solid. The solid is dissolved in 20 ml dry 
toluene vrith gentle warming and the solution la allowed to 
crystallite overnight at 0°C. The crystals are separated by 
filtration and extracted with 20C ml methyl ether and petroleum 
ether 111 mixture for S hours at room temperature. The pure 
crystals were dried under vacuum over calcium chloride to yield 
47 g prepolymer with a melting point of 76*C and IR-1B10, 1740 
ctn-1, 

3. Preparation of cppcdo < 20t 60) copolymers* 
CPP prepolymer (0.6 g, 2.0 mmole) is mixed with 
dodecanediolc acid prepolymer (2,0 g, 8.0 mmole) and polymerised 
at 180* for 90 min under high vacuum (less than 10*2 am Hg). The 



t 
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. polymer Is purified e« previously described. The polymer has a 
I melting point of 75-76*0, molecular velghtt Mw - 125,900, Mn - 
j' 2$. 850 (by CPC analysis); a composition of CPPiDD (20iS0) (by 
•»-nmr> and intrinsic viscosity of (n) - i.if dl/g (chloroform. 
23«C>. 

4. Polymerimion of CPPrDD (50:30) copolymer. 
CPP prepolymer (1.6 g, 4.0 mmol.) is mixed with DO 
prepolymer U.9 g, 4.0 mmole) and polymerised at IBO'C for 90 min 
under high vacuum (10-2 mm Hg). Tha polymer is purified « 
j de.cribad in tha first ex.mp!*. the polymer h , 6 , ». it l n g point 
! of 1S«-160»C, molecular weight i Hv • 44,800, Hn - 1«,8S0, 

composition of CPP.pd (51.49) (by 'h-NNR), and intrinsic 
j. viacoaity of [nl - 0.7fi dl/g. 

j S. Polymerisation of CPP:OD (65t35) copolymer. 

CPP prepolymer (2.5 g. (5.5 mmole) la mixed with OD 
prepolymer (0.88 g, 3.5 mmole) end polymerized at 180»C for 90 
Bin under high Vacuum (lesa than 10-2 m „g>. The polymer la 
purified a* previoualy deacribed. The polymer haa a melting 
point of 194 to m»C, molecular weight! Hw = 32,000, Mn « 
10,100, composition of CPP too <«4»3«>, and intrinsic viacoaity of 
(n) » 0.64 dl/g. 

example ot tha preparation of phenylene dipropionic 

acid copolymer with aabacic acid and 1,3 

bla ( P-car boxvchenoxvl > 

1. Sebaeic acid and CPP prapolymera are prepared as 
previoualy deecrlbad. 
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2, Preparation of phenylane dipropionic acid 
| prepolymee. 

. j 60 g of POP are added to 500 ml coiling acetic 

j snhydrida under dcy argon. flsflux la continued foe 60 minutes. 
! Excess acetic anhydride is removed by an evaporator at 60*C to 
| yield a white solid. The solid is recrystailUed from, 30 ml 
: toluene at 0«C overnight* The crystals are then extracted with 

i 

j 200 ml of a diethyl ether and petroleum ether (lil) mixture for $ 

I hours at room temperature* The pure crystals are dried under 

| vacuum over calcium chloride to yield 61 g prepolymer with a 

j welting point Of 74-75 # C and tR-1800, 1735 Cro-1. i 

I 

; 3. Polymerisation of PDP:SA (20i80) copolymer* i 

Pop prepolymer (0.91 g, 4 mmole) is mixed with 3A 

• prepolymer (3.28 g, 16 mmole) and polymerised at l8a*C under high 

j vacuum (less than 10-2 mm Hg) for 90 min. The polymer U 

j purified sc previously described. The polymer has a welting 

| point of 5«-S9°C, molecular weights Hw * 84,920, Mn = 15,650, ' 

j intrinsic viscosity. of in) • 0.68 dl/g, and composition of PDPi$A ! 
(20:60) (by 1 H-NMR) , j 

4. Preparation of PDPisa (50:50) copolymer* J 
POP prepolymer (1.14 g, 5 mmole) is mixed with SA 

| prepolymer (1.0 o, 5 mmole) and polymerized at ISO 9 under high j 

; vacuum (less than 10-2 mm Hg) for 90 min. The polymer la j 

| purified as previously described. The polymer has a melting | 

! point of 7S-77 # C, molecular weighti Mw - 58,900, Mn * 12,400, ! 

! 

I 
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* 

i: 

|j intrinsic viscosity of In) « 0.64 dl/g, and composition of PDPiSA 
ll 

|: (4$i31) (by ' B-NMF) » 

i. 
i* 

j 5. Preparation ot PDPxCPP (50:30) copolymer. 

PDP prepolymer (1,14 g r 9 mmole) is mixed with CP7 
! prepolymer (2.0 g, 5 mmole) and polymerised at 180' under high 
i vacuum (less than 10*2 mm Hg) for 90 min. The polymer is 
j purified aa previously described. The polymer has a melting 
j point of 15»-160°C, molecular weight: Mw 34 f 400, Mn * 10,100, j 
: intrinsic viscosity of |nl • 0.65 dl/g, and composition of 
j PDPiCPP <4fti$2) (by 1 H-NMR) * J 

i i 

, 6. Preparation ot CPPiPDPiSA (50:25:25) copolymer, 

CP? Prspolymtr (2*0 g, 5 tmnole} is mixed with PDP 

prepolymer (0.57 g, 2,5 mmole) and SA prepolymer (0.5 g» 2.5 

j mmole) and polymerised at 180" under high vacuum (lest than 1 

j j 

! 10-2 km f or 90 m i a , xhe polymer A3 purified as previously ( 

I I 

! described. The polymer has a melting point of 142-144*C, \ 

j molecular weight t Mw - 28,900, Hn * 12,400, intrinsic viscosity | 

j of tn] * 0.58 dl/g, and composition of CPPiPt>Pi9A (48i27i25) (by 

j ' H-NMR). 

! S 
' Preparation of mixed pre polymer by the prior method (Pig. 2)t 

) The yield and reproducibility of the anhydride ! 

j copolymers produced by the prior art method war 9 compared with j 

j the yield and reproducibility of anhydride copolymers produced by j 

| the method of the present invention as follows. 

! f 
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A calculated ampunt of the dlacids < total of 50 g) waa 
! rafluxad tn acetic anhydride (500 »1) for 20 win. Unraacted 

j material was r amoved by filtration, and the solution concentrated 
J to 100 ml by vacuum evaporation* The solution was then loft at 
| -20°C foe 3 weeks to crystallize* The yield and composition of 

j the precipitate Cor nixed prepolywers of CPPiSA (20(80), CPP18A 

i 

; (50t50J, isophtSA (20t80), and iaophsSA f 50t 50 ) ere summarised In 

table- 3. j 

In a typical reach ion, jo.o g (0.0316 mole) of CPP were 
j mixed with 25.6 9 (0*126 mole) sebacic Bcid and rafluxed in 
I 500 rol acetic anhydride for 30 min» The unreacted material 
! (0.6 g, identified as CPP) ia removed by filtration and the 
solution concentrated to 100 ml by vacuum evaporation. The 
solution U allowed to crystallize for 3 weeks at -20'C. The 
! precipitate U separated by filtration and washed with anhydrous ! 
j ether (100 ml) to yield 14.8 g of mixed prepolymera with a 
1 composition of CPPtSA in a ratio of 35i6S (calculated 20:80), as . 

i 

j determined by H-NMR, Ift-1800, 1740 cm-l* ' 

1 • i 

1 

j 1 
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Table It Character tzatlon of mixed prapolynara 



i Prepolvmer composition* 


i\) aliohatic monomer 
calculated found 


VlelO <t) 


: CPPjSA <20i80) 


80 


65 


15 


i 

! 


80 


50 


21 


i 


80 


72 


25 


1 CPF:tfA (S0i$0) 


SO 


30 


25 


i ** 


50 


45 


34 


I 


50 


32 


24 


^ IsophiSA (20>80) 


80 


72 


25 


1 
i 


80 


65 


33 


I 
t 


80 


75 


28 


j IsophtSA (SOtSO) 


50 


65 


37 




SO 


48 


36 


4 
1 


50 


58 


31 



I 



I . ' •» 

; Prepolynters prepared by a reaction between a 

calculated amount of diaclds and acetic 
! anhydride for 30 win* 

♦Determined from * H-NMR Spectrum 

| The preceding examples demonstrate the usefulness of 

the pure, isolated prepolymers in the rapid preparation of a 
variety of polymer compositions a* veil as the high yield and 
reproducibility of the disclosed method* 

j High molecular weight polyanhydrides are desirable in 

j biomedical applications* for example, in controlled release 

1 devices because of their superior physico-tuechanical properties . 



i; 
|! 
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These properties include film forming properties and relatively 
high tensile strength. The critical factor* affaeting 
polymer molecular weight are: monomer purity/ temperature 
of reaction, tine of reaction/ end the removal of the conden- 
sation product. 

Very high molecular weight polymers are achieved 
by reacting pure isolated prepolymers, prepared in accordance 
with this invention, under optinised conditions/ for example/ 
at a temperatire of 180°C r under 10-4 mm Hg vacuum with 
a CO a /Acetone trap, as described in co-pending Canadian 
Application/ Serial No: 542,513 filed July 21et/ 1987 by 
Abraham J- Domb and Robert S. Langer entitled 0 Sync heal a 
and Application of High Molecular Weight Polyenhydrides" . 

Using the prior art net hod/ with an unisolated 
prepolymer mixture/ p(CPPx5A) Ui4) has a molecular weight 
of 12/030* Reacting puce/ individually prepared prepolymecs 
yields p(c?P:SA)(l:4) with a molecular weight of 116/800 
and an intrinsic viscoaity oC (n] ■ Q.92. Addition of 
a catalyat to the pure/ individually parepared prepolyaer 
mixture can further increase molecular weight*/ as doecried 
in a. S.S.N. 892/609 filed August let. 1986* 

The method of preparing very pure anhydride co- 
polymers from individually synthesized and purified diacid 
pcepolymere has been described with reference to specific 
embodiment*. 

Variations and modifications of these embodiments 
and preparation conditions will be obvious to those skilled 

•A 
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in th« aet of chvmicftl aynthatia. Such modifications and 
variations ac» intand«d to be inoX tided vithin th« soop* 
of th» appended olaiaa. 



A 



1. A method for preparing highly pure anhydride 
copolymers comprising: 

selecting at least two diacids, wherein said diacids 
are synthesized and purified individually, 

reacting the individual diacids and acetic anhydride 
separately to form prepolymers, 

separately recrystallizing the individual prepolymers 
I formed by the reaction of the acetic anhydride with said diacids, 
! combining said individual prepolymers at a specific 

: ratio, and 

j polymerizing said prepolymer mixture to form 

j copolymers. 

I 

2. The method of claim 1 wherein the diacids are 
selected from the group consisting of sebacic acid, 

b is ( p-carboxyphenoxy ) propane , bis ( p-carboxyphenoxy ) hexane , 
isophthalic acid, 1,4 phenylene dipropionic acid, adipic acid and 
dodecanedioic acid* 



- 24 - 



3. A highly pure anhydride copolymer comprising 
monomers selected from the group consisting of aliphatic and 
aromatic diacids, wherein the copolymers are polymerized from a 
mixture of a specific ratio of prepolymers of the individual 
monomers separately reacted with acetic anhydride, 

4, The anhydride copolymer of claim 3 wherein said 
prepolymers are formed by 

separately refluxing individual monomers with acetic 
anhydride to form individual prepolymers, 

removing the excess acetic anhydride, and 
recrystallizing the prepolymers. 

5. The anhydride copolymer of claim 3 wherein the 
copolymers are further purified by recrystallization. 

6, The anhydride copolymer of claim 3 wherein said 
copolymers are polymerized from said prepolymers in the presence 
of a catalyst. 
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